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A METHOD OF MODIFYING THE METABOLISM OF EUKARYOTIC CELLS 
UPON INCORPORATION THEREIN OF FOREIGN SEQUENCES OF 
NUCLEIC ACIDS BY MEANS OF AN INTERNALIZING VECTOR 

Field of the invention 

The present invention concerns the introduction into 
eukaryotic cells of foreign nucleic acids capable to perform 
an active function in these cells, for instance enhance or 
inhibit some operations of the cell machinery, i.e. modify the 
cell metabolism. 

For this, the invention proposes a suitable vector or 
vehicle capable of carrying said nucleic acids toward said 
recipient cells and promoting their penetration therein across 
the cell membrane without substantially impairing or inhibi- 
ting their inherent biof unctionality . Once incorporated in the 
cells, the foreign nucleic acids demonstrate said activity by 
accomplishing therein some specific function* (or functions) 
like gene expression or repression , blocking viral activity , 
inhibiting cell proliferation or the like. 

Hence, using the present vector, the invention also dis- 
closes a method for cell transfection i.e. for introducing and 
internalizing foreign sequences of nucleic acids into suitable 
eukaryotic recipient or host-cells, said nucleic acids being 
functionally active in said cells, i.e they are capable of 
altering the normal operation of the cell machinery. For 
instance, the foreign nucleic acids may promote the expression 
of new products in the cells, they may modify the cell metabo- 
lism or they may inhibit its growth or uncontrolled prolifera- 
tion. In the cases when these nucleic acids are transported 
into the cell nucleus and become part of its genome, the 
results may account for cell transformation. 

The prior art 

Until now cell transfection (and/or transformation) has 
been carried out by several methods including, for instance. 



eilRSTITIITE SMfcCT 



2 

working in the presence of Ca ++ ions which promote the prefe- 
rential uptake by cells of Ca-precipitated nucleic acids (F.L. 
GRAHAM et al. 1973, Virology 52, 456-467). Other methods also 
include for instance the direct injection of genes into oocyte * 
nuclei (E.G. DIAKUMAKAS r Methods In Cell Biology , 1973 Acade- 
mic Press, Vol. 7, 287-311) as well as the use of viral vec- < 
tors (D.H. Hamer et al. 1979, Cell 18r 1299), or liposomes 
dispersions for carrying the genes into the cells (R» Fraiey 
1980, J. Biol. Chem. 255 , 10431 ). Transf ections can also be 
brought about with DEAE-Dextran (J.H. McCuthan, 1968, G. 
Natl., Cancer Inst. 41, 351) and by genetic transfer in high 
voltage electric fields (E* Neumann et al. 1982, Embo J. Vol. 
1, No. 7, 841-845). See also R. Kucherlapati , Crit. Rev. 
Biochem. 1984, 16, 349-379, 

Although all the above techniques have merit, they are 
not universally applicable. For example, with the DEAE-Dextran 
method exogenous DNA sequences are not efficiently integrated r 
this being in contrast to the method using calcium salts in 
which internalization of the DNA into the host genome fre- 
quently occurs. Direct injection into cells is tedious and 
requires highly skilled operators. Using a virus as a vector 
offers high yield transf ections , but problems may arise from 
the simultaneous introduction of undesirable and possibly 
dangerous viral factors. 

Furthermore, no transf ection method exists by now which 
is applicable in-vivo for therapeutic purposes, e.g. in which 
foreign sequences of active nucleic acids can be applied to 
living organism to cure some deficiencies of the cell metabo- 
lism. Such possibility has however been mentioned by S.Y. 
Cheng r G.T. Merlino and I.H. Pastan, Nucleic Acid Research 11 
(1983), 654-669 by saying "one of the medical applications of 
gene splicing technology could be the introduction of DNA into 
cells with genetic defects". It should therefore be clear that 
the term "nucleic acids" includes in the present invention : 
DNA r duplex or single stranded RNA, anti-sense RNA, polynu- 
cleotides, oligo-nucleotides, nucleotide analogs, single 
nucleotides in general and all functional derivatives thereof. 

There was therefore a need for improved transf ection 
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techniques providing high internalization yields under mild 
conditions and of a highly selective character, i.e making it 
possible to selectively transfect and, in some cases, trans- 
form one particular species of cells in the presence of other 
cells of different kinds. This technique is especially attrac- 
tive when the nucleic acids to be incorporated can genetically 
modify only specifically defined target cells, or, in the case 
of cancer therapy, internally promote the expression of a 
cytotoxic substance while leaving normal cells intact* Other 
applications include the internalization of active oligo and 
polynucleotide, e.g. anti-sense RNA which can hybridize to 
mRNA in the cell and thus inhibit cellular or viral functiona- 
lity. 

Summary of the invention 

The method disclosed in annexed claim 1 is a very signi- 
ficant step toward the aforementioned desirable objectives. 

In brief, a nucleic acid transporting vector or vehicle 
is synthesized in which the sequence or sequences of interest 
are coupled to a ligand which is capable to carry said sequen- 
ces and bring it into contact with the recipient cells; then 
the ligand will promote or facilitate the internalization of 
the nucleic acid sequences in the cell and, in some cases, 
transfer said nucleic acids into the nucleus. After being 
internalized the foreign nucleic acids will display intended 
inherent bioactivity in the host-cells with consecutive expec- 
ted changes in said host-cell's chemistry. 

The transporting vector used in this invention can there- 
fore be schematized as follows: 

(HT) - B - (NT) (I) 

in which (HT) designates the foregoing ligand (the head ele- 
ment) and (NT), the tail element, is the sequences of nucleic 
acids to be transported (DNA, RNA, poly-, oligonucleotides, 
etc.). B designates an intermediate element which connects 
(HT) and (NT). This can be a bridging or linking element. In 
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some cases B may be completely lacking, a chemical grouping of 
(HT) being directly linked (covalently or otherwise) to some 
bridging function of (NT), i.e. a 5 '-phosphate or 3' or 5'- 
hydroxy group. The important feature of B besides connecting 
(HT) and (NT) is that it should not impede the biofunctionali- 
ty of (NT), in the cell. One preferable way to achieve this 
task is to provide the vector with at least one bond which is 
easily cleaved by cellular enzymes, e.g. lysozyme enzymes. It 
should be noted at this stage that the construction of a 
system involving a gene coupled to a protein having high 
affinity for a cell receptor has been already reported (see 
S.Y. CHENG et al. , Nucleic Acid Research 11 (1983), p. 654- 
669). However, although it was said, in. the reference" that 
such a system (the Chloramphenicol-acetyltransf erase (CAT) 
gene bound to <x2-macroglobulin) was internalized in 3T3-4 
cells, no evidence was provided that the internalized DNA was 
capable of performing a function in the host^-cells. In this 
case, the type of linker used to link the gene and the "arrow- 
head" was perhaps disactivating. 

The "head" (HT) can also be named a "homing" or a "targe- 
ting" factor. The term of "homing" is used to define a factor 
which promotes or facilitates the penetration of the foreign 
nucleotides through the cell membrane but which has no or 
little specif icity regarding cell recognition.. Examples of 
homing factors are for instance low density lipoproteins 
(LDL) r the "B" moiety of toxins such as ricin or abrin, some 
viral antigens, etc. Other examples of homing factors will be 
discussed in more detail hereafter. 

The term "targeting factor" is preferentially used when, 
in addition to its internalizing properties, the "head" (HT) 
also has specific cell markers recognition properties, i.e. 
the (HT) factor will act as an "arrow-head" to direct the 
vector toward some specifically selected cells, for instance 
tumoral cells, while leaving other kinds of cells untouched, 
for instance healthy cells. Markers are defined as particular 
antigens or receptor sites possessed by a target cell, e.g. 
growth factor receptors like epidermal or platelet-derived 
growth factor receptors or receptors to immunoglobulins (see 
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EP-A-112. 720) or <x2-macroglobulin (see the foregoing reference 
of Cheng, Merlino and Pastan) . Further examples of targeting 
factors will be provided later in the course of this descrip- 
tion. 

Component (NT) is a nucleotide or a nucleotide sequence 
which can he RNA, DNA or oligonucleotides complementary to 
specific RNA produced in the host-cell. Furthermore, the 
nucleotide sequences may be chemically modified in some cases 
to confer special properties thereto , e.g. to prolong the 
half-life thereof in the receptor cells or to be given duplex 
cutting activity. Alternatively , (NT) can designate a gene, 
e.g. recombinant DNA engineered to express products of inte- 
rest in the host-cells. These products which can be transcrip- 
tional products (e.g. anti-sense RNA) or translational 
products will be detailed hereafter* 

Components (HT) and (NT) may be connected together di- 
rectly in some cases; in some other cases, they are linked 
together by an element (B) which can simply serve as a connec- 
ting element or, better, as a carrier for instance when many 
individual (NT) are transported together with only one homing 
or targeting factor (HT). This will also be detailed after- 
wards . 

Another very important function of the linking element B 
is to allow connecting (HT) and (NT) without mutual functional 
inhibition, i.e. (HT) should promote the internalization and 
transport of (NT) to the recipient cells and not subsequently 
impede its biof unctionality in the cell. Reciprocally, (NT) 
should not prevent (HT) from achieving its transporting, tar- 
geting and internalizing function. Therefore the role of B, 
i.e. coupling (HT) and (NT) at appropriate distances and using 
appropriate binding sites, e.g. -NH 2 , -SH, -OH or -C00H sites 
on the protein and 3' -OH, 5' -OH or 5 '-phosphate on the nucleic 
acids , is important. This will be detailed later. 

After being internalized, the nucleic acid sequences may 
accumulate in the cytoplasm or (depending on the nature of the 
(HT) element) they may be transported to the nucleus and 
effect cell transformation. Hence, the choice of the nucleic 

* 

acids (NT) and that of the carrying factor (HT) will essen- 
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tially depend on the desired end-function of the polynucleoti- 
de, i.e. whether it should act directly in the cytoplasm (e.g. 
as blocking agent) or become part of the genome of the cell 
(e.g. a synthetic gene) and be expressed into useful products. * 
In this connection, it should be remarked that useful products 
can include products expressed in-vitro in cultivated cells as * 
well as products (e.g. RNA or proteins) produced in-vivo, for 
instance in living organisms, to modify the host-cells beha- 
viour, e.g. to cure a genetic disease or to inhibit the growth 
of malignant cells. 

Hence, whatever the desired objective and end-use of the 
foreign nucleotide internalized in the recipient cells, the 
present invention includes allowing or inducing the biofunc- 
tional activity of the nucleic acids in the host-cells until 
the effect resulting from this activity is achieved. Examples 
of such active functions will be discussed hereafter. 

Detailed description of the invention 

In the vector schematically respresented by formula (I) 
above, component (HT) preferably designates a protein capable 
of penetrating into cells either by receptor mediated endocy- 
tosis or through clathrin coated pits with subsequent accumu- 
lation in uncoated vesicles like viruses such as adenovirus, 
vesicular stomatitis virus, Rous sarcoma virus and Semliki 
forest virus. Thus, viral proteins used as the (HT) component 
can be specific or unspecif ic depending on the cells to be 
targeted and the nature of the viral factor. In this invention 
the use of viral extracts or specific viral antigens as the 
leader component is possible. 

Proteins having specific affinity for receptors on the 
recipient cells are used as targeting factors (HT) in receptor 
mediated endocytosis. Suitable factors include epidermal 
growth factor, platelet-derived growth factors, urogastrone 
and analogues thereof, thyrotrypsin releasing hormone (TRH) , 
nerve-growth factor (NGF) vaccinia virus growth factor and 
other specific viral factors, e.g. a viral antigen of the HIV 
virus CP. J. Maddon et al.,1986. Cell 47, 333) specific to the 
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T4-receptor typical of T4 lymphocytes but which can also be 
found on other cells. 

In addition, other factors can be used as the (HT) compo- 
nent of vector (I), e.g. IgG f a-2 macroglobulin, somatomedin 
C, thiodothyronine , thrombine and the B-chain of many toxins 
including ricin, abrin, diphtheria toxin , etc. 

The selection of the linker (B) between the (HT) and (NT) 
elements of vector (I) is important so as not to disable the 
functionality of both elements. Furthermore the chemical bin- 
ding function of the linker should be selected in function to 
the available binding groups on both the leader protein and 
the attached nucleic acids. 

With a targeting factor , like for example EGF, with a 

terminal arginine NH 2 group, binding can be effected directly 
by the method of C.F. CHU et al., 1983, Nucleic Acid Research 
11 , 6313-6529. This method involves activation of the 5'- 
phosphate groups of the polynucleotide chain with imidazole 
(IZ) at pH 6 in the presence of a suitable carbodiimide com- 
pound and subsequent displacement of this leaving group at pH 
8,5 by the terminal aminogroup of EGF (EGF is actually a 
polypeptide containing 53 amino-acids, see Savage et al., 
(1972) J. Biol. Chem. 247, 7609). This is schematically il- 
lustrated in Fig. 1. 

Although it is noted that CHU et al. suggested that 
constructs carried out according to the above scheme might be 
used to achieve the objects of the present invention, they did 

* 

not report the actual existence of DNA-protein adducts and the 
effective use of such adducts to permanently modify the opera- 
tion of recipient cells. 

The scheme of the above coupling method is: 

(NT)-0P0 3 -2 + I2 * (NT)-0P(0 2 ")-IZ 

EGF-NH 2 + (NT) -OP(0 2 ")-IZ -+ EGF-NH- ( P0 2 ) -0 ( NT) 

In the above scheme , tetrazole can be used in place of imida- 
zole . 

Another direct -coupling is illustrated by the reaction of 
the 5' -OH of the sugar moiety of the nucleoside with a termi- 
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nal phosphoramidite group attached to the (HT) component. This 
scheme, which is illustrated below, is similar to that used 
for the synthesis of oligonucleotides by the known step-by- 
step processes and is convenient for binding to proteins 
having available -OH or -SH groups for coupling (see BIQFUTUR, 
No 50, Oct. 19B6, supplement p. 1-18) 

5' tetrazole 
(HD-OPCOR^-NR 2 + H0-CH 2 -(NT) : ► 

5' oxyd. 
(kT)-0P(0R 1 >-0-CH 2 -(HT) » (HT)-OP(0)(0R 1 )-O-CH 2 -(NT) 

In the above scheme R 1 and R 2 are lower alkyl, e.g. methyl or 
isopropyl. 

Another very useful route for coupling (NT) is to provide 
it with an amino-alkylene link which can be thereafter bound 
to (HT) by usual means, e.g. use a cyclic phosphinamidite 
released by Applied Biosystems (see Applied Biosystem User 
Bulletin, issue No 38 r November 3, 1986). This is illustrated 
below 

CH 2 * CH 2 
/ \ 5 ' 

0 N-CO-CF 3 + HO-CH 2 -(NT) > 

\ / 

\ ..."■/' 
P 

[ 

OMe 

0 

HOH || 

F 3 C-C0-NH- ( CH 2 ) 2 -0P-0CH 2 ( NT ) » H 2 N ( CH 2 ) 2 ~OP-OCH 2 ( NT ) ( II ) 

I oxyd. | 

OMe OH 

The "aminolinked" nucleic acid (II) can thereafter be coupled 
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to a primary amino-group of (HT) by usual means f for instance 
by the glutaraldehyde bridging reaction (see S. Avrameas 
(1969) Immunochemistry 6, 43). 

In order to procure a linker (B) (see formula I) which 
can be easily cleaved by cellular enzyme after internaliza- 
tion, it may be advantageous to insert between (HT) and (NT) 
one or more peptide bonds provided by suitable amino-acids. 
Examples of oligopeptides suitable for the present purpose 
have been disclosed in co-pending PCT application WO 87/03891, 
which is incorporated here by reference, and defined as -(C0- 
CHR-NH- ) - (III) in which R can be hydrogen (glycin), methyl 
(alanine), benzyl (phenylalanine) and the like, and m can be 
an integer from 1 to about 10 or greater. The method for 
inserting such an oligopeptide between a protein and, say, 
compound II can follow a number a routes according to well 
known techniques* According to one example between many, an 
oligopeptide is first synthesized according to usual means, 
e.g. protecting the aminogroup of a first amino-acid with a 
benzocarbonyl or tert .butoxycarbonyl , coupling a second amino- 
acid in active ester form in the presence of dicyclohexyl- 
carbodiixnide and hydroxybenzotriazole , removing the amino 
protective group by hydrogenation or by hydrolysis, repeating 
the coupling with a third amino-acid (with protected amino 
group) and repeating the procedure until all amino-acid units 
have been added. 

Then the activated ester of the oligopeptide is reacted 
with compound II to provide an amide link, the amino group at 
the other end is deprotected and coupled with the protein by 
using a conventional protein coupling reagent, for instance 
glutaraldehyde as mentioned before. 

The above scheme is schematized as follows (Y designates 
the activating ester radical). 



amidation 

tert. Bu-OCO-(NH-CHR-CO) -0Y + II 

m 

deprotection 
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(HT) 

H-(NH-CHR-C0) m -NH(CH 2 ) 2 -0P(0) (OH)O-(NT) > 

linker 

( HT ) -NH ( CH 2 ) 5 - ( NHCHRCO ) m -NH ( CH 2 ) 2 -0P (0)(0H)-0-(NT) 

It is evident that the oligopeptide can also be inserted in 
the reverse position, i.e. the activated ester can he reacted 
with the protein and the remaining- -NH 2 coupled with the amino 
group of II using the same or equivalent techniques. 

Many linking agents to conjugate the end functions of a 
peptide chain with proteins have been disclosed in the prior 
art. For instance, EP-A-112.720 ( Y. KATO et al.) discloses 
attaching the following groups to the terminals of peptides t 
(i) HS(CH 2 ) 2 -C0- r <ii) HS(CH 2 ) 2 -CH(NHAc)-CO-, (iii) HS- 
CH(AcOH)-CO- and the following groups to a protein (IgG): (a) 
-CO-phenylene-N-maleinimide; (b) -CO- ( CH 2 ) 2 ~SS- 2 -pyridine t 

These are applicable in the present invention; coupling 
for instance (i) with (b) in the present invention provides an 
adduct with a dithio-bond: 

HT-C0-(CH 2 ) 2 -SS-(CH 2 ) 2 -(C0-CHR-NH) m NH ( CH 2 ) 2 -0PO 3 -NT 

Furthermore, attaching a group of formula 0 2 N( 2-carboxy-p- 
phenylene)-SS-(CH 2 ) 2 -cp- to an oligopeptide is useful to bind 
to an -SH function of a protein , thus providing an -SS(CH 2 ) 2 - 
between the protein and the polyaminoacid. 

The group B in adduct (I) can also act as a carrier of 
more than one sequence of nucleic acids. For instance B can be 
a polypeptide bearing side groups for attaching a plurality of 
nucleic acid sequences (10, 50, 100 or more) to be carried to 
the recipient cells. Suitable polypeptides are for instance 
polyglutamic or polyaspartic acid. 

Adducts of comparable structure but in which the attached 
groups are not nucleic acids but cytotoxic organic molecules 
have been disclosed in EP-A-112.720 and also in copending US 
application 07/82,244 filed August 6, 1987 incorporated herein 
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as reference* 

Basically, the intermediate group B in this embodiment 
can be represented by formula: 

-<C0-CH-NH) n -H (IV) 
I 

( CH 2 ) p -CO- ( NH-CHR-CO ) ^-A- 



in which p = 1 or 2 , m is zero to about 10 , n is 20 to 300 r 
and A is a linker between the oligopeptide ( NH-CHR-CO ) m and 
the nucleic acid NT, for instance the chain -NH(CH 2 ) 2 -phos- 
phate disclosed hereabove. A structure of this kind is parti- 
cularly useful for delivering a plurality of oligonucleotides, 
e.g. relatively short chains of anti-sense DNA or RNA into 
cells using only one homing or targeting factor. The efficien- 
cy of such vector is hence strongly amplified as compared to a 
vector containing only one nucleic acid chain per leading 
head. The efficiency of such a vector can be further enhanced 
if the oligonucleotide comprises, in addition to sequences 
which block cellular or viral RNA, sequences which prolong the 
useful life of the internalized oligonucleotide. 

The coupling of a carrier such as schematized by formula 
IV with a homing or targeting protein is done as disclosed in 
the case of linking compound III. A related technique is fully 
developed in the foregoing US application 07/B2,244 and rela- 
ted EP-A-87.201.490.7 application. This technique is based on 
first making a thiolated polyglutamic or polyaspartic active 
ester of formula: 

HS ( CH 2 ) 2 -NH- ( CO-CH-NH ) R -H 

I 

(CH 2 ) 2 -C00Y 

Then reacting the activated side ester chains with the 
amino derivatized nucleotide compound II and finally reacting 
the intermediate adduct of the carrier and the nucleotide with 
a maleinimido derivative of the protein, i.e. a compound of 
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formula: 



R 

/ \ 

(HT)-NHCO-(CH 3 ) ;3 -N II 

y 

The coupling occurs through addition of the sulfur atom 
to the maleinamido double bond to provide the following com- 
pound: 

A 

CHT>-NHCO-(CH 3 ) 2 -N I-S(CH 2 ) 2 -NH(C0-CH-NH> n -H (V) 

Y ' ' 

G (CH 2 ) 2 -C0-NH(CH 2 ) 2 -P0 4 -(NT) 

Compound V is an embodiment of compotgid IV in which m = 
0. Variants can be achieved in which m * o. In such cases tlte 
side arms bearing the nucleic acids comprise oligopeptides the 
size and the type of which can control the enzymatic release 
in the cell of the nucleic acids transported therein. 

In should be noted that many other coupling agents can be 
used in the synthesis of the structures usable in this inven- 
tion. Some are disclosed in PIERCE Bioresearch Products Tech- 
nical bulletin, 1983, Volume V, Revised 84-87 available for 
instance from Kontron Instruments AG, CH-1052 Lausanne . 

Having now briefly described the main embodiments of this 
invention, specific embodiments will now be described in more 
detail. 

In a first embodiment, a selected piece of DNA or RNA, 
for instance a gene of interest was placed under the control 
of adequate promotor and terminator sequences; it was then 
coupled to an appropriate cell homing or targeting vector 
vehicle selected not to impede the ultimate functioning of the 
DNA or RNA in the cell. When the resulting system was put in 
the presence of the target cells, the vector-DNA complex did 
penetrate into said cells, whereby the DNA or RNA of 
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was internalized in high yields and became functional therein, 
for instance, it was subsequently expressed. Homing factor 
means here as said before that although the ligand promotes or 
facilitates internalization, i.e. it provides a route to the 
interior of the cell membrane, it does not necessarily recog- 
nize a particular type of cells by means of specific receptors 
of these cells. In contrast, a targeting factor will additio- 
nally provide such recognition and direct the adduct toward 
specific kinds of cells identified by markers. 

Actually, the construction of a system involving a gene 
coupled to a protein having affinity for a cell receptor has 
been already reported (see. S.Y. CHENG et al.. Nucleic Acid 
Research 11 (1983), p. 654-669). However, although it was said 
that such a system (the Chloramphenicol-acetyltransf erase 
(CAT) gene bound to cx2-macroglobulin) was internalized in 3T3- 
4 cells, no evidence was provided that the internalized DNA 
was capable of performing a function in the host-cells. In 
this case, the type of linker used to link the gene and the 
M arrow-head" was perhaps disactivating. 

Naturally, the present method is not limited to transfec- 
tion procedures using only one piece of nucleic acid; co- 
transfection with two or more sequences is also possible using 
one or several different homing factors, this being done 
depending on the case, simultaneously in one step or, succes- 
sively, in several steps. When effecting a co-transf ection 
with two or more different polynucleotides, for instance, 
fragments a and b, these fragments can be introduced by lin- 
king them separately to the target vectors. Alternatively a 
and b can be linked together on a same vector unit, the selec- 
tion of one particular technique depending on the desired 
results and the operational conditions. Also, if suitable 
linkers are used between the ligand and the polynucleotide, 
e.g. a polyf unctional amino-acid such as polyglutamic acid or 
polylysine (see EP-A-87/201 . 490 . 7 ) , a large number (10 - 100 
or more) of polynucleotide sequences can be attached to one 
homing or targeting factor. 

In one experimental model developed to demonstrate the 
feasibility of the concept, i.e. cell transformation, the 



SUBSTITUTE SHEET 



Wl J XM/II^II / / 



14 

foreign nucleic acids included sequences for regulating the 
cell development, e.g. using certain eukaryotic cells such as* 
the NIH/3T3 line, said additional sequence was an oncogene of 
cell transformation visible in tissue culture and in-vivo 
cellular origin which promoted after Inoculation into warm- 
blooded animals such as nude mice which consecutively develop 
tumors. 

It should be noted that this technique is particularly 
useful when the foreign gene is designed to express functional 
products of commercial interest and, consequently , multiplica- 
tion of the modified host-cells can be performed on a large 
scale (for instance, industrial production of protein expres- 
sed by recombinant DNA dominated by stress' inducible promo- 
tors). 

In the case of in-vivo applications (e.g. treatment of 
tumors), the foreign nucleic acid can be a heat inducible 
gene, e.g. a gene coding for a cytotoxic protein drug and 
driven by heat-shock controlling sequences. In this case " the 
targeting vector is selected for its ability to recognize the 
malignant cells and promote internalization exclusively there- 
in; then, after effective in-vivo transformation of the tumor 
cells, heat is applied locally whereby the gene is expressed 
and the malignant cells are inhibited or killed while leaving 
the normal cells intact. When cell recognition is not essen- 
tial, e.g. in the case of fighting some viral diseases, the 
homing factor can be a factor promoting cell internalization, 
such as viral antigens, low density lipoproteins, part B of 
ricin or abrin, etc. 

Brief description of the figures 

Fig. 1 is a schematic illustration of the coupling of an 
oligonucleotide to a cell targeting agent (the epidermal 
growth factor, EGF is employed here as an example) » 

Fig. 2 is a diagram illustrating the construction of a 
selected piece of DNA (HS-lys-'t/EGF) , i.e. a chicken lysosyme 
gene driven by a human heat-shogk promotor and terminated by 
the SV40 terminator sequence; and the coupling of this selec- 
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ted DNA to EGF. 

Fig. 3 is a photograph of an electropherogram providing 
evidence of specific RNA formation under stress in A-431 
carcinoma host-cells transfected with the HS-lys-t/EGF coupled 
system. 

Figs 4a-4c are photographs of cell cultures providing 
evidence of transformation of "normal" NIH/3T3 cell lines into 
tumor cells after internalization and expression of an onco- 
gene transported by the EGF homing factor. The black dots 
represent the "foci" of transformed NIH/3T3 cells. 

Fig. 5a is a photograph illustrating the formation of 
tumors in nude mide 3 weeks after inoculation of oncogenically 
transformed NIH/3T3 cells ("foci") represented in Fig. 4. Fig. 
5b shows a control nude mouse three weeks after inoculation 
with NIH/3T3 cells treated with EGF only. 

Fig. 6a represents, under magnification, a culture of a 
human squamous carcinoma cell line A-431 showing the presence 
by specific staining of the cell membrane, of EGF receptors . 
FigT 6b represents, under the same magnification, control 
cells (WI-38 human embryonic fibroblasts). 

First embodiment 

In this first embodiment of the present invention, the 
epidermal growth factor (EGF) was linked to a 700 bp DMA 
* restriction fragment from the oncogene Ha- ras labelled by NICK 
Translating with 3z! P dCTP and the resulting complex (I) (see 
Fig. 1) was used to transfect cultures of A-431 cells; the use 
of these cells (see Fig. 6a) was convenient as they carry a 
large concentration of EGF receptors (see M.D. Waterfield 
(1982), J. Cell. Biochem. 20, 149-161). 

This coupling was effected according to B.C.F. CHU et 
al., (1983), Nucleic Acid Research 1.1. (18), 6513-6529. This 
method which has been described earlier, in this application 
is schematically illustrated in Fig. 1. 

It has already been noted that CHU et al . speculated that 
constructs carried out; according to the above scheme might be 
used to achieve the objects of the present invention, however, 
they did not report the actual existence of DNA-protein 
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adducts and the effective use of such adducts to permanently 
modify the operation of recipient cells* 

After 3 hours of incubation in the instant case, the 
degree of internalization of the radioactively tagged DNA was 
measured. It was found that 45% thereof was in the cell cyto- 
plasm/ and nucleus, with none in the cellular . membrane* A 
control experiment was performed identically, but in the pre- 
sence of a 5 fold excess of free EGF for competition. This 
time the amount of radioactive label in the cytoplasm and 
nucleus DNA was reduced to 16% providing evidence that inter- 
nalization of the complex did proceed through the EGF recep- 
tors. * 

Naturally, this embodiment is not limited to using the 
5 '-phosphate as linker. Many other linkers of the kind disclo- 
sed herebefore which do not inhibit or - impede the desired 
biofunctional capacity of the incorporated polynucleotide are 
also possible. 

Second embodiment 

* 

In a second embodiment, EGF was bound to a piece of DNA 
schematized by the formula HS-lys-t in which HS is the human 
heat-schock promotor sequence (Dreano M. et al„ (1987) Gene 
4£, 1-8), lys is the chicken lysozyme gene and t is the SV40 
terminator. The scheme illustrating the preparation of this 
adduct (compound II) is represented in Fig. 2. 

Compound II was introduced into the culture medium of 
monolayer cultures of A-431 squamous carcimona cells and, 
after a period of incubation, the cultures were subjected to a 
heat stress (4 hours at 42 °C), after which the production of 
lysozyme-specif ic RNA was ascertained by extraction followed 
by S-l hybridization. The results appear in the electrophero- 
gram of Fig. 3. 

In fig. 3, lane 1 is the test lane. The lysozyme RNA 
appears as the dark band (A) . Lane 2 (control) is obtained 
from a culture transfected by the method of the prior art (in 
the presence of calcium phosphate) . Lane 3 illustrates a 
control experiment in which no compound II was added. Lane 4 
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is for calibration purposes using markers. 

These results conclusively demontrate the validity of 
this technique of internalizing DNA in functional form, i.e. 
in a form which can be inducibly expressed. Naturally , this 
technique is not limited to structural genes placed under 
inducible expression , but can be applied to constitutively 
expressed genes as well. 



Third embodiment 

In a third embodiment the ras oncogene was coupled to 
EGF; the resulting complex (III) was added to cultures of 
NIH/3T3 cells and left overnight. After two weeks, the forma- 
tion of many "foci" was noted , providing evidence of stable 
cell transformation (i.e. stable incorporation of the "ras" 
DNA into the "normal" genome). "Foci" are agglomerates of 
densely packed cells with a refringent phenotype and a tendan- 
cy to pile up. The "foci" are the black dots on the photo- 
graphs of the Petri dishes respresented in Fig. 4a. Fig. 4b 
illustrates the results of a control experiment in which 
transfection was carried out with the oncogene (without tar- 
geting agent) in the presence of calcium salts according to 
the prior art. Fig. 4c illustrates another control experiment 
in which only free EGF for adding to the NIH/3T3 cells was 
used. No observable "foci" were produced this time. The "foci" 
induced tumor formation when injected into nude mice. Thus, 
the tansformed colonies ("foci") were picked and grown in- 
vitro until reaching 5 x 10^ cells. Then these cells were 
injected into athymic nude mice. As a control, 5 x 10 6 NIH/3T3 
cells treated with EGF (100 pg/ml ) , were also injected into 
nude mice. Three weeks after, all the mice inoculated with 
cells grown from the "foci" developed tumors (Fig. 5a), in 
contrast to the control mice which did not (Fig. 5b). 

In a second series of controls, injection in nude mice of 
cells grown from "foci" of NIH/3T3 cells, transfected with the 
ras oncogene using the calcium chloride method, also induced 
tumors as expected. 

This demonstrates further that the oncogene, introduced 
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into cells according to the invention, is expressed and acts 
in a stable fashion. 

Fourth embodiment 

A fourth embodiment here concerns the homing or targeting 
of anti-sense RNA (DNA) or of genes engineered to express 
anti-sense RNA after internalization by a viral antigen. 

More specifically , a nucleotide sequence Ccalled here 
anti-sense RNA (DNA)D , which can be RNA, DNA or modified 
oligonucleotides, complementary to a specific RNA produced in 
a specific cell population, is targeted and internalized by a 
viral antigen. Alternatively, a gene construct expressing 
anti -sense RNA is targeted and internalized by a viral anti- 
gen. These compounds are designed to specifically inhibit 
viral infection by blocking the expression of certain viral 
proteins. Anti-sense RNA has been shown to Inhibit mRNA trans- 
lation through intra-cellular hybridization. The anti-sense 
RNA (DMA) -viral antigen complexes of this invention are desi- 
gned to be used in-vitro as well as in-vivo . As an additional 
interest to this embodiment is the fact that whole genes can 
be targeted and internalized with viral antigens, providing a 
way of bringing new protein synthesis capabilities to cells in 
the form of DNA. 

Viruses exert their action on specific cell types. It has 
been described that the action of viruses is mediated by the 
specific targeting arid internalization of the whole virus 
particle. This specificity and the internalization are deter- 
mined partly by viral antigens. These viral proteins also 
allow the virus to escape the lysozomal degradative pathway by 
fusion with the endosomal membranes at a ph of 5 to 6. For 
instance, the specificity of the HIV virus (LAV or HTLVTII) 
for the receptor of the T4 lymphocyte is determined by one of 
its viral antigens (see M. March (1984) , Biochem. J. 218, 1; 
P.J. Maddon et al. , (1986), Cell 47, 333). In this invention, 
such viral antigens can be used to target and internalize 
oligonucleotides and genes. 

Many viruses , such as adenovirus, vesicular stomatitis 
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virus, Rous sarcoma virus and Semliki forest virus, enter 
cells by sliding horizontaly on the cell membrane to clathrin 
coated pits and subsequently accumulate in uncoated vesicles. 
They enter the cells using the same pathway as many growth 
hormones, such as epidermal growth factor , or platelet-derived 
growth factor , or molecules such as alpha 2-macroglobulin, 
somatomedin C, triiodothyronine, thrombine, shigella and diph- 
theria toxins (A. Helenius et al. , (1980), J. Cell Biol. 84, 
40; S. Dales (1973), Bacteriol Rev. 37, 103; R.B. Dickson et 
al. (1981) J. Cell Biol. 89, 29; M.C. Willingham et al. (1981) 
International Cell Biology 1980-1981, Ed. H.G. Schweiger, 
Springer Verlag, Berlin, pp. 613-621, I. Pastan et al. (1981), 
Science 214 . 504. Targeting oligonucleotides with a viral 
antigen offers new possibilities over using antibodies and 
hormones because the route followed to penetrate a specific 
cell is the same as the one used by the virus. Driving anti- 
sense RNA (DNA) with a viral antigen makes the model even more 
elaborate and allows one to develop new targeted therapeutic 
drugs which should be without substantial side effects. 

The internalized viruses are sequestered in receptosomes 
which fuse to lysozomes. Although the lysozomes bring a large 
cocktail of proteolytic enzymes, the viruses manage to escape 
in the cytoplasm and replicate. The escape of material from 
the lysozomes is seen in many other cases; for instance some 
DNA escapes from lysozomes in all transfection procedures. It 
has been shown for instance (see R. Kucherlapati et al., 
(1984), Crit. Rev. Biochem. 16, 349) that whatever the mode of 
transfection, e.g. electroshock, CaCl 2 or DEAE-dextran, the 
internalized DNA is always exposed to lysozomal enzymes. 
Furthermore, although in a different area, many cytotoxic 
drugs designed as endocellular drug releasing systems enter 
the cells and are degraded in the lysozomes, releasing then 
the drug, which goes to the cytoplasm or to the nucleus (see 
R. Arnon et al. (1983), Targeted Drugs, Ed., E.P. Goldberg, 
Wiley Public, p. 23). The same patheway is usable with vectors 
carrying genes or anti-sense RNA and transported by viral 
antigens • 

Anti-sense RNA is known to inhibit endocellular protein 



yv KJ OO/UDU / / 



r CT^sr o t^ooo»t 



20 

synthesis. 

Several papers have been published describing protein 
synthesis inhibition using anti-sense RNA. For example R.Y.L. 
To et al., (1986) , Molec. Cell Biology 6 ( 12) , 4758 have 
described the inhibition of retroviral replication using a 
virus expressing anti-sense RNA. I.J. McGarry and S. Lind- 
quist, I.J. McGarry et al. (1986) , PNAS 83r 399 (USA) have 
inhibited the synthesis of a heat-shock protein using a heat 
inducible construct expressing anti-sense RNA. J. Hunt et al. 
(1986 r FEBS 4082 f 206 (2), 319 have described the inhibition 
of the EGF receptor synthesis using anti-sense RNA vectors 
transfected in a squamous carcinoma cell line. The use of 
anti-sense RNA as a way of inhibiting virus infection has been 
often suggested as a novel approach J.G. Izant et al. (1985) r 
Science 299, 345; E.C.M. Mariman (1985) , Nature (letter), 318 . 
414; R. Tellier et al . , (1985), Nature (letter), 318, 141. A 
potential limitation of the method is the amount of the anti- 
sense molecules needed for the inhibiting of viral infection. 

In the present invention, the viral antigen - (or a portion 
of which) is extracted and purified from whole virus, or it 
can be synthesized by classical peptide synthesis; then it is 
coupled to DNA (or RNA) by the aforementioned methods. The 
oligonucleotides can contain modified nucleotides designed to 
prolong half life or to give special properties such as 
cutting RNA strands when it is hybridized to them. The oligo- 
nucleotide-antigen coupling can be done using a variety of 
methods such as described by CHU et al. (1983), Nucl. Ac. Res. 
11, (18) , 6513. 

The following operations are then performed to demonstra- 
te the viability of the embodiment: the vector is added to 
cells infected by a virus, whereby: 

the viral antigen recognizes its specific receptor; 
the complex viral antigen-anti-sense RNA ( DNA ) enters the 
. cell; 

the anti-sense RNA (DNA) escapes the receptosome; 

the anti-sense RNA (DNA) hybridizes specifically to the 

newly synthesized viral RNA; 
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the viral infection is inhibited. 

Alternatively, in the case the viral antigen is used as a 
vector to target and internalize a gene, the protein expressed 
by this gene can be an antiviral agent or serve another 
purpose riot directly connected with the viral infection. 

Fifth embodiment 

A fifth embodiment here (which is to be paired with the 
foregoing third embodiment) concerns the construction of a 
plasmid expressing an inverted segment (e.g. the KpnI-Xmal 
fragment) of the ras gene. Alternatively, different inverted 
fragments of the ras gene can be used as well. These fragments 
may be synthesized by oligonucleotide synthesis, isolated from 
genes or otherwise. 

The role of the ras oncogene has been widely described 
(T.Y. Shih and M.O. Weeks, 1984, Cancer Investigation , 2 (2), 
109-223; C.J. Marshall, 1986, J. Cell. Sci. Suppl . 4, 417- 
430). It has been shown to transform in-vitro cell lines as 
well as primary cells. These cells become morphologically 
different and are tumor igenic in nude mice. The ras encoded 
protein is located in the cell membrane and is analogous to a 
subunit of G proteins (H.R. Bourne and K.A. Sullivan, 1986, 
Cancer Surveys, 5 (2), 257-431). The G proteins are second 
messengers in growth factor induced signals. The ras homolo- 
gous subunit of the G proteins has a GTP binding property 
which regulates the intensity of the signalling. The ras 
encoded proteins only have a low binding affinity for GTP, 
transmitting therefore a constitutive signal to the cell (see 
the above Bourne reference). It is postulated that this mecha- 
nism transforms the cell. 

It appears that the normal ras protein has a role in the 
signalling pathway of growth factors (see above Bourne refe- 
rence). Studies on the sequence of this normal ras protein and 
the transforming ras protein have shown that single point 
mutations can be responsible for the transforming activity of 
the latter. These point mutations are located on the 12th, 
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13th, 59th, 61th and 63rd amino acid of the protein P21 (see 
above Bourne reference). In a different series of studies it 
has been demonstrated that the overexpression of the ras gene 
can transform cells in culture and that the injection of 
antibodies against the ras oncogene in the cell do not repli- 
cate their DMA after serum stimulation. This demonstrates that 
a precise dosage of the ras protein is necessary so that the 
cell does not progress to malignancy. Therefore, controlling 
the normal and/or the mutated ras expresion seems to be a key 
feature for tumor inhibition. 

Using anti-sense RNA technology, the technique disclosed 
ln • thlS inve «tion permits to design a system in which anti- 
sense RNA is expressed so as to hybridize in sitti specifically 
to the mutated portions of the cellular (or viral) encoded 
transforming ras RNA. Alternatively in a manner similar to 
that described in the fourth embodiment, oligonucleotides 
whzch can hybridize to the transforming ras RNA can be intro- 
duced into the cells. 

The steps involved in the first approach are: 

1. Construct a plasmid expressing anti-sense RNA in mamma- 
lian cells. The ras fragment is the inverted KpnI/Xma I 
fragment of ras comporting the 12th amino acid point 
mutation or a different inverted fragment of the ras gene 
under control of a constitutive or inducible promoter. 
These fragments can be synthesized by oligonucleotide 
synthesis or extracted from a cloned oncogene 

2. Attach the linearized plasmid to a vector according to 
the foregoing techniques.' 

3. Apply the conjugates to various mammalian cells in 
culture. 

4. Mesure the endogenous ras expression by SI mapping or by 
lmmunocy tochemis t ry • 

5. Evaluate tumor regression by injecting the conjugates in 
nude mice carrying tumors (e.g. NIH/3T3 cells transformed 

by ras ) 

An example of such a construction is schematized helow: 
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molecules by using , as a carrier, polyglutamic acid whose free 
carboxylic chains are used as S-linkers for the oligonucleo- 
tides. The construction is designed to he plasma stable but 
degradable in the targeted cells. 

This adduct is designed , a) to circumvent the steric 
problems of using a sequence of repeated oligonucleotides 
built to hybridize to many RNA molecules, and b) to allow an 
intracellular release of a large amount of anti-sense oligo- 
nucleotides. In addition these oligonucleotides can be provi- 
ded with a terminal amino acid which will protect them from 
DNA degrading enzmymes. 

The first object of this procedure is to produce a targe- 
ted drug against ras transformed cells. There are a variety of 
tumors in which ras has been suspected to play an active 
transforming action. We have here a new DMA/Protein conjugate 
with internalizing properties targeted to these cells. EGF is 
preferably used as a targeting vector. However, other speci- 
fic or non-specific targeting and homing devices (such as 
growth factors, " monoclonal antibodies. Fab fractions, LDL, 
transferrin, viral and tumor specific antigens) can be used as 
the driving units. 

These homing devices can be attached to different anti- 
sense RNA expressing constructs, or to oligonucleotides or to 
polynucleotides, so that these constructs can be applied for 
the development of genetic medicaments against several 
diseases such as viral diseases, cancer or genetic disturban- 
ces. 

Sixth embodiment 

A sixth possible embodiment concerns the use as targeting 
factor, within the scope of this invention, of an antigen from 
HIV (the AIDS causing virus) . (HT) involved in this process 
seems to be the gp 41 protein. A short stretch of about 29 
amino acids of this antigen has been demonstrated to bind 
selectively to the T4 receptor of lymphocytes, the main target 
of this virus. This stretch is schematized as i 
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DTITLPCRIKQ I INMWQEVGKAMYAPPI S (international amino acid code) 

This amino acid sequence can be used to target poly- 
nucleotides as well as antiviral agents such as AZT, acyclo- 
vir , HPA-23 or suramin. 

This stretch of 29 amino-acids is synthesized by usual 
means; then it is coupled as a targeting factor (HT) to a 
carrier (for instance that shown in formula IV) of viral anti- 
sense RNA. The vector is to be used for treating AIDS pa- 
tients* This is an example of using a (HT) factor to target 
antiviral agents in the form of oligonucleotide analogs. 

Seventh embodiment 

A seventh embodiment deals with the treatment of some 
forms of cancerous diseases caused by the overexpression of 
some oncogenes. Therefore this embodiment is related to the 
foregoing fifth embodiment and the techniques disclosed there- 
in are similarly applicable. 

Cells can be transformed by the overexpression of some 
oncogenes. For example evidence has merged that the neu onco- 
gene is overexpressed in a large amount of breast tumors. The 
fact that the overproduced neu oncoprotein has a transforming 
activity has been elegantly demonstrated using antibodies to 
revert the phenotype of neu - transformed WIH/3T3 cells. Sequen- 
ce homology has been demonstrated between neu , c-erb-B and the 
epidermal growth factor receptor (EGFR). Anti-sense RNA pro- 
tein inhibition therefore provides good possibilities to re- 
vert the action of such oncoproteins. Morover, one single 
oligonucleotide may by sufficient to inhibit all three pro- 
teins. The approach described here is to fix anti-sense oligo- 
nucleotides to a polymer targeted by the epidermal growth 
factor. This construct, a targeted anti-sense oligonucleotide 
releasing system, is designed to have 1) plasma stability, 2) 
specificity properties, 3) internalizing properties, 4) lyso- 
somal biodegradability properties and 5) antitumor activity. 
The fact that a large amount of oligonucleotides, can be deli- 
vered by one EGF molecule adds value to this model. 
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Several proto- oncogenes f including the EGF receptor gene, 
neu, c-erb-B , ras and mvc have been found to be amplif ied in 
human tumors. The presence of amplified copies of the N-mvc 
oncogene in human neuroblastomas and of the neu oncogene in 
breast tumors have been correlated with aggresiveness of the 
tumors. The EGF receptor, c-erb-B-2 and the neu oncoprotein 
have been shown to have a close sequence similarity. These 
oncoproteins are good models for antisense RNA inhibition 
experiments. Anti-sense RNA expression constructs or synthetic 
anti-sense oligonucleotides efficient against these proteins 
have a high pharmaceutical potential value if the efficient 
in-vivo administration routes proposed in this disclosure are 
used. 

EGFR is found in large quantities in squamous carcinomas 
from the bladder , breast , lung, stomach, skin and the brain. 
(J.R.C. Sainsburg et al. , 1987, The Lancet, June 20, 1398- 
1402; Patent cytotoxic drug EP-A-87. 201.490. 7) . The associa- 
tion of enhanced expression with more agressive tumor beha- 
viour has beert reported for these tumors. A plasmid expressing 
anti-sense RNA against the EGF receptor has been constructed 
and been shown to reduce the EGF receptor concentration. 

c-erb-B-2 (first isolated in a human mammary carcinoma) 
is amplified in human renal, gastric and salivary gland adeno- 
carcinomas. It has been found in 58 of 257 human adenocarcino- 
ma examined and amplification was also shown in 26% of 189 
human breast cancers. Amplification of the c-erb-B-2 gene was 
shown to correlate with overexpression (D.J. Venter et al., 
1987, The Lancet, July, 69-71). In the breast cancer study 
amplification correlated with poor prognosis and was a stron- 
ger predictor of disease progression than the presence of 
oestrogen or progesterone receptors. Recently it has been 
demonstrated that overexpression of this oncogene is necessary 
for NIH/3T3 transformation (P.P. Di Fiore et al. , 1987, Scien- 
ce, 237, 178-182). 

Neu (first isolated in a rat ethylnitrosourea induced 
neuroblastoma) is strongly transcribed in neuroblastomas and 
glioblastomas. Several lines of evidence shown that neu is an 
activated form of the erb-B-2 gene. It has been demonstrated 
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to be amplified in many cases of breast cancer. It transforms 
NIH/3T3 cells, rendering them tumor igenic in nude mice. Anti- 
bodies to the oncogenic rat neu protein was shown to inhibit 
tumor formation in-vivo (J. A. Drebin et al., 1985 f Cell, 41, 
695-706) . 

Hence , the reduction of the expression of these proteins 
should revert the malignancy of some tumors. Targeted endocel- 
lular anti-sense oligonucleotide releasing systems to these 
proteins is a valuable approach. Constructs consisting of an 
EGF molecule attached to a endocellular degradable polymer 
carrying several oligonucleotides within the meaning of the 
present invention are valuable anti-cancer medicaments. 

Homologous amino acid sequences can be found in the 
extracellular part and the intracytoplasmic part of the pro- 
teins expressed by EGFR, c-erb-B2 and neu genes (C.J. Bargmann 
et al., 1986, Nature, 319, 226-234 K These homologous amino 
acid sequences have some homologous nucleotide sequences which 
can serve as target for anti-sense RNA. This provides a good 
opportunity to use a same oligonucleotide to inhibit the 
synthesis of three different cancer-related genes. These three 
proteins of interest have external and internal domains. The 
best homology between these oncoproteins is found in a tyrosi- 
ne kinase segment and in a short segment of the external 
domain. There is a 9 amino acid stretch in the extracellular 
sequence that is homologous in all three proteins. It contains 
an 8 nucleotide sequence homologous in all three proteins, an 
11 nucleotide sequence homologous in c-erb-B-2 and EGFR, an 11 
nucleotide sequence homologous in EGFR and neu and a 15 
nucleotide sequence homologous in c-erb-B-2 and neu . In the 
intracytoplasmic sequence, there is a 28 amino acid stretch 
that is homologous in all three proteins. It is in the domain 
coding for the tyrosin kinase part of the protein. In this 
region long stretches of homologous nucleotide sequences can 
be found for all three oncoproteins. These sequences can be 
used to inhibit the protein synthesis of the three oncopro- 
teins. Of course, conjugates using sequences that are not 
homologous to all three genes can be used. The literature 
references backing this embodiment include the following: C.I. 
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Bargmann et al. , Nature, 1986 319 , 226-230, P.P. Dl Fiori et 
al.. Science, 1987, 237, 178-182, J. A. Drebin et al., Cell, 
1985, 41, 695-706, J. Hunts et al., FEBS 4082, 1S86, 206 (2), 
319-322, G.T. Merlino et al., Mol. cell. Biol., 1985, 5 (7), 
1722-1734, J.R.C. Sainsbury et al., The Lancet, June 20, 1987, 
1398-14027 D.J. Slamon et al. , Science, 1987, 235 . 177-182, 
D.J^ Venture et al. , The Lancet, 11 July, 1987, 69-71, T. 
Yamamoto et al. , Nature 1987, 319, 230-234. 

The experimental approach here is quite similar to that 
of the previous embodiments. Briefly, oligonucleotides are 
fixed directly to EGF or to an EGF-targeted polyglutamic acid 
to generate a targeted anti-sense endocellular oligonucleotide 
releasing system. The latter provides the possibility of in- 
ternalizing many oligonucleotides for one EGF molecule. Alter- 
native experiments include direct targeting of anti-sense RNA 
expressing constructs by EGF. In the case of EGF, the oligonu- 
cleotide is linked to a polymer-EGF construct and used to down 
regulate the EGF receptor of A431 cells. Then, the following 
tests are made to check the effect of the vector: 

a) Peroxydase-Iabelled immunotests to show EGF receptor 
concentration decrease, 

b) 125 I-labelled EGF to show EGF affinity diminution, 
35 

c) S-methionine to show cell division reduction, 

d) In- vivo tumor igeni city of the pretreated cells. 

e) Inhibition by in-vivo treatment with the targeted oligo- 
nucleotide by observing the reduction of tumor progres- 
sion. 

This is an example in which a ligand may inhibit its own 
attachment. This provides a new form of antagonist. In the 
case of the neu gene, the oligonucleotides are linked to a 
polymer-EGF construct as above and used to inhibit the oncoge- 
nic synthesis in NIH/3T3 cells transformed by neu . This is 
followed by the tests below: 

a) demonstrate the disappearance of the transformed refrin- 
gent phenotype of neu transformed NIH/3T3 cells. 

b) test growth of these NIH/3T3 cells in soft agar. 

c) test tumor igenicity of these cells in nude mice. 

d) treat nude mice carrying neu transformed NIH/3T3 tumors 
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with anti-sense oligonucleotides linked to EGF. 
In the case of c-erb-B2 . the oligonucleotides are linked 
to EGF as usual and used to inhibit cell transformation in neu 
transformed NIH/3T3 cells.. The laboratory work is the same as 
for neu but using c-erb-B-2 transformed cells. Cross experi- 
ments with c-erb-B-2 transformed cells or with cells with high 
levels of EGF are useful. 

Of course, as in the other embodiments of this invention , 
the use of EGF as a targeting and internalizing factor can be 
extended to other molecules having similar properties (other 
growth factors, monoclonal antibodies, Fab fractions, LDL, 
transferrin, viral antigens, etc.). the transporter can also 
be different to polyglutamic acid (homo- or co-polymers of 
amino acids with or without side chains, dextrans, etc...). 
The oligonucleotides can be, or not, modified to prolong their 
half -life. In addition, the model can be extended to the 
targeting of "polyoligonucleotides" with or without biodegra- 
dable bonds between each oligonucelotide. 

Eighth embodiment 



Another eighth embodiment is now described in which the 
invention may be applied to the inhibition of poliovirus 
infection using- anti-sense RNA. 

It is known that viruses carry unique genetic material. 
Therefore, specific viral sequences can easily be distingui- 
shed from cellular sequences. Anti-sense RNA is a very speci- 
fic tool which can block viral infection. It has been used to 
inhibit the replication of HIV, the AIDS virus (P.C. Zamecnik 
et al., (1986), PNAS 83, 4143). Thus, for instance, the gene- 
tic material of poliovirus is composed of a positive sense 
single-stranded RNA. The infectious cycle of this virus can be 
blocked with anti-sense RNA (or oligonucleotides) complementa- 
ry to the viral RNA. This inhibition can occur both at the 
replication or at the translation level. 

Plasmids and oligonucleotides are targeted and interna- 
lized using for example EGF as a vector. Oligonucleotides are 
delivered in large quantities by targeting endocellular oligo- 
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nucleotide releasing- systems. These systems as well as targe- 
ted genes can also be used in-vivo and are described here as 
new antiviral agents. Poliovirus serves to demonstrate the 
usefulness of this accomplishment for other applications to 
different viruses including HIV/Human Immunodeficiency virus) , 
Herpes , Influenza , Rhinovirus, Cytomegalovirus, HTLV (Human 
T-cell leukaemia virus). 

The vectors described here are designed to be used as 
antiviral agents in therapy and, for some of them, in preven- 
tion. Poliovirus is used as a model to demonstrate the con- 
cept. Two routes are proposed for inhibiting poliovirus infec- 
tion r * 

I) Targeted gene constructs expressing anti-sense RNA. 

II) Targeted anti-sense oligonucleotides or anti-sense 
oligonucleotide releasing systems. 

I) Gene constructs expressing anti-sense RNA can be cons- 
tructed and provided with a homing or targeting unit 
(HT). For example , a plasmid contains a neomycin resis- 
tance gene under control of the SV40 promotor, the SV40 
replication origin., the heat-shock promotor controlling 
the anti-sense RNA synthesis (i.e. the inverted polio- 
sequences) and an ampicillin resistance gene (pl7poneo). 
Using EGF as the driver (HT) , the vector can be tested by 
experiments involving: 

1) Establishment of neomycin resistant cell lines (Wish, 
Hela, Cos) with targeted P 17poneo or, alternatively, 
transfect and amplify pl7poneo in Cos cells. These cells, 
when heat shocked, express large amounts of anti-sense 
RNAs. 

2) Infection with different viral dilutions of these cell 
lines before or after heat treatment. The inhibition of 
poliovirus infection can be evaluated by: 

- trypan blue counts 

soft agar infected colony counts 
H-thymidine incorporation 
3> Control experiments include: 

testing for the presence of hybrids (viral RNA/anti- 
sense RNA) by treating cytoplasmic extracts with 
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RNAse H and hybridizing the remaining duplexes with 
a nick translated probe 
- testing for the presence of viral proteins using 
35 S-methionine incorporation* 

repeating all tests with untargeted pl7poneo using 

standard transfecting procedures. 
II) Two limitations to the use of synthetic anti-sense oligo- 
nucleotides are their half-lives in the cell and the 
concentration of molecules that can be introduced into 
cells. The advantage of using synthetic oligonucleotides 
is that one can modify their chemistry to prolong their 
half -lives. Introduction of these oligonucleotides by the 
present EGF- targeted vector method, e.g. EGF- targeted 
polymers carrying large amounts of oligonucleotides can 
remedy the above drawbacks. 

The practical work involved here includes: 

1) The synthesis by "usual methods (gene machine) of the 
oligonucleotides complementary to the viral RNA. Some of 
them are attached directly to EGF and some of them are 
attached to a targeted carrier i.e. targeted polyglutamic 
acid. This carrier is stable in the blood stream and 
degradable in the targeted cell compartment. 

2) Cells are allowed to react with these free (or targeted) 
oligonucleotides before or after being infected with 
poliovirus . 

3) The effect is evaluated by: 

trypan blue counts 

soft agar infected colony counts 

- H-thymidine incorporation 

4) Control experiments include: 

treating cytoplasmic extracts with SI nuclease, 

spotting the genetic material and revealing the SI 

protected fragments with a ^p-probe, 

using 32 p-anti-sense oligonucleotide to inhibit 

protein synthesis, SI digesting and running on a 

gel, 

testing for the presence of viral proteins using 
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S-methionine incorporation. 
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protein synthesis. In this embodiment like in previous ones r 
use is made of anti-sense RNA or oligonucleotides which are 
sequences complementary to a specific cellular or viral RNA. 
These sequences hybridize to the RNA and block the translation 
or, if they are chemically modified, cut the hybridized RNA. 
If the targeted sequence have enzymatic activity (such as some 
RNA that can cleave RNA) , it may also specifically degrade the 
hybridized RNA. Experiments have demonstrated the validity of 
using anti-sense expression plasmids, anti-sense RNA or oligo- 
nucleotides (see for instance J.G. Izant et al. , (1984), Cell, 
36* 1007-1015. J.G. Izant et al., (1985), Science, 229, 345- 
*352). Viral infection has been inhibited in-vitro but the 
extension of the experiments in living organisms is difficult 
since oligonucleotides do not freely permeate in cells. (C.H. 
Agris et al., (1986), Biochemistry, 25, 6268-6275, R.Y.L. To 
et al. , (1986), Moleicular and cellular biology, 6 (12), 4758- 
4762, P.J. Green et al., (1986), Ann. Rev. Biochem. , 55, 569- 
597. T.J. McGarry et al/, (1986), FNAS, USA, B3, 399-403, C.J. 
Marcus-Sekura et al. , (1987), Nucleic Acid Research, 15 (14), 
5749-5763) . . 

One way of circumventing this problem is to attach these 
oligonucleotides to a molecule which will internalize into the 
cells. 

Here, we develop the possibility of using the B fraction 
of toxins to internalize products such as nucleic acids. These 
conjugates are generally (although not always) unspecific due 
to the fact that the B chains recognize a large variety of 
cells. However, since anti-sense oligonucleotides are very 
specific they probably have no detrimental effect in environ- 
ments where they are not functionally active. 

A and B : fractions generally linked by disulfide bonds can 
be separated by reducing the S-S bond. The two resulting 
fractions are separated by the methods disclosed in the afore- 
mentioned references and the -SH groups serve for the chemical 
coupling of nucleic acids endocellular nucleotide carrier 
vehicles as disclosed before, nucleotide analogs etc. 

One route to bind the -SH group of a protein to a poly- 
aminoac id carrier has been mentioned herebefore and is conve- 
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nient for this application. 

As before , the vectors composed of a toxin B moiety as 
driving factor (HT) , a middle linker or carrier portion and, 
bound thereto, nucleic acids of interest, can be used to 
transport said nucleic acids into receptor cells, e.g. in 
living organisms and across cell membranes. This tansporting 
system is particularly valuable for molecules that do not 
freely (or efficiently) permeate through the cell membrane 
because of their charge, size or chemical composition, for 
example. Examples include nucleic acids and nucleotide ana- 
logs. In the case of translation inhibitors such as anti-sense 
nucleic acids that bind to RNA, the specificity of the sequen- 
ces may be good enough to avoid targeting. 

The embodiment described here can be applied in disease 
prevention and in therapy, and forms the basis for the design 
of new drugs with anticancer, antiviral or antibacterial ef- 
fects. Systems acting on gene expression can then be construc- 
ted, to provide a large variety of new medicaments including 
blood disease applications. 

Problems of efficient gene transfer also exist in plants. 
Therefore, it may also be useful to use this kind of system to 
introduce nucleic acids in plants. This is a new approach and 
a different class of pesticides enabling to generate better 
breeds or even permitting intra- or inter-species reproduc- 
tion. If targeting is necessary, the use of the previously 
described technology is also possible. 

One interesting improvement to the vector of formula I 
which constitutes one of the key features of this invention is 
the addition thereto of an amino acid sequence capable of 
mediating the transport of the conjugate (or at least of the 
nucleic acid moiety) into the cell nucleus. Such amino acid 
sequences, called here migration signal (MS) have been found 
in viruses and have been disclosed by C. Wychowski et al., 
(1986), EMBO J. 5, 2569. One sequence is represented by the 
first eight Nonterminal amino acids of SV40 VP1 ( Ala-Pro-Thr- 
Lys-Arg-Lys-Gly-Ser ) using a (MS) sequence, the vector (I) can 
then be represented by the formulae: 



SUBSTITUTE SHEET 



36 

NT 

• " / 
(HT)-B-(NT)-MS, (HT)-B or MS- (HT) -B- (NT) 

\ 

MS 

(MS = migration signal; HT = Homing, Targeting; B = linker; NT 
= nucleic acid) 

Preferably, this sequence is inserted at a site before 
the polynucleotide, e.g. at an end of intermediate bridging 
element (B) of formula (III) or in a corresponding position in 
the carrier element of formula (IV). Such an insertion will 
impart to vector (I) enhanced cell transforming properties'. 

The following examples illustrate the invention in more 
detail. It should be noted that the operational conditions 
disclosed have not been optimized yet. More refined conditions 
are expected to increase the yields and provide still improved 



In other embodiments designed to demonstrate the operabi- 
lity of in-vivo; gene therapy, targeted complexes composed of 
a gene coding for a cytotoxic protein (e.g. the ricin diphthe- 
ria or pseudomonas toxin gene) linked to a homing vector such 
as EGF or any other tumor cell specific marker can be injected 
into cancerous animals, either locally or in the blood stream. 
Then r if the promoter selected makes the gene heat inducible, 
local heating the subject induces the expression of the toxin 
only in the region of the tumor, whereby the latter is des- 
troyed, without harmful effects to healthy tissues. Otherwise, 
similarly built targeted complexes but comprising other promo- 
tors^ e.g. for controlling expression by chemical induction, 
can be used similarly. 

EXAMPLE I 

Coupling- of DNA to EGF 

Double-stranded DNA was attached to EGF molecules accor- 
ding to the aforementioned B.C.F. CHU et al. , reference (see 
also EP-A-86.810.347.4) 
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Genes were excised from plasmids by digestion with endo- 
nuclear restriction enzymes, leaving 5' terminal phosphates. 
0,5 to 1 mg of digested plasmid was then run in a 1% agarose 
gel, and the band corresponding to the gene of interest cut 
and purified from the gel by electroelution as follows: the 
gel containing the DNA was introduced into a 5 ml plastic 
pipet at the end of which was placed siliconized glass fiber 
and dialysis bag. The pipet was dipped into TAE buffer (Tris- 
acetate 0,04M + EDTA 0,001M) and electrophoresed at 150 V for 

2 hours. The current was then "inversed for two minutes; the 
DNA recuperated from the dialysis bag, and precipitated twice 
with ethanol. The first time the DNA was dissolved in water, 
and the second time, in 20 \xl of imidazole buffer 0,1M pH 6.0. 
The electroelution was controlled by running 1 \xl of this 
solution on a 1% agarose gel. 

Formation of a 5 ' -phosphorimidazolide on the DNA molecu- 
les was obtained by saturating the solution with N-ethyl-N' ( 3- 
dimethylaminopropyl-carbodiimidehydrochloride) (EDO (FLUKA) . 
The reaction tfas performed overnight at 4°C with agitation. 
Aminolysis of imidazolide of the DNA, by the amino terminal 
extremity of EGF was performed by buffering the solution with 

3 volumes of 100 mM citrate buffer (C.B.) pH 8.5, and by 
adding 4 to 10 pg EGF (Sigma), and traces of EGF labelled with 
125 I. (New England Nuclear). Leaving it for 48 hours at 4°C 
with agitation generated the EGF-DNA conjugate. The free EGF 
was then separated from the EGF-DNA complex by running the 
solution over G75 SEPHADEX (column 100 x 2 cm) using a 0,1M 
ammonium carbonate solution, pH 7.0. The first peak of radio- 
activity is attributed to the radiolabelled EGF-DNA conjugate. 
The corresponding fractions were pooled, distributed in ali- 
quots and f reeze-dried. Up to 85% of the DNA had an EGF mole- 
cule bound to it, as calculated from the DNA concentration 
(absorption at 260 mm) and the number of EGF molecules (amount 
of radioactivity bound to the DNA). 

The EGF-DNA conjugate was kept lyophilyzed in plastic 

f 

vials at 4°C until rehydration in growth medium for use. 
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EXAMPLE 2 

Selection of test cell lines based on evidence of receptor 
concentration on the cell membrane using indirect immunopero- 
xvdase staining 

Indirect immunoper oxydase staining on A-431 squamous 
carcinoma and W-138 normal fibroblast human cell lines was 
performed on trypsinised cells in 35 mm PVC plates. The 
surface was pre-treated with phosphate buffered saline (PBS) 
pH 7.2, the excess was then removed and the PBS washed cells 
(10 5 /well in 50 ul/PBS) were added to the plates and centri- 
fuged for 5 minutes at 2000 rpm. 50 pl/well of 0,5% glutaral- 
dehyde in cold PBS were then added to the dish and incubated 
for 15 minutes at room temperature. After two rounds of washes 
with PBS, the wells were filled with 100 mM glycine in a 0 r l% 
BSA solution and allowed to rest for 30 minutes at room tempe- 
rature' to inhibit the excess of glutaraldehyde. After two PBS 
washes , indirect immunoperoxydase staining was performed by 
first "denaturing the cells with an ice cold mixture of 99:1 
ethanol-acetic acid for 30 minutes at 4°C. During this period, 
3 til of antibody were diluted in l.ml PBS + 1% foetal calf 
serum (FCS). The wells were then washed twice with PBS and 
incubated for 5 minutes with a solution of 20% FCS in PBS, 
This was then replaced by 200 ul/well of the antibody solu- 
tion, and incubated for 30 minutes at room temperature. The 
wells were than washed twice with PBS , once with PBS + Tween 
(0,1%) and once again with PBS* 200 yl/well of a 1/400 dilu- 
tion of swine anti-mouse peroxydase conjugated antibody (DAKO) 
IN PBS-1% PVS was then added and incubated for 30 minutes at 
room temperature. The conjugate was then washed twice with 
PBS, once with PBS + 0,1% Tween and twice with distilled 
water* The in situ coloring was achieved by incubating the 
cells at room temperature with a solution of 10 ml 0,01M 
phosphate buffer pH 6.0, 5 \xl 35% oxygenated water and 100 \il 
of 1% orthodianisidin (MercJc) in methanol. 

Fig"* 6a represents A-431 tumor cells. The presence of 
large amounts of EGF receptors therein is indicated by the 



WO 88/05077 



39 



PCT/J£ra7/0«W7 



dark staining. Fig. 6b shows the weakly stained W-138 cells 
containing much lower amounts of EGF receptors which were used 
as a control. 

EXAMPLE 3 

EGF ~ DNA internalization study 

EGF was attached to DNA fragments as described in Example 
1. The fragment used in this experiment is a 700 base pair 
probe labelled with aP 32 ATP by nick-translation using the New 
England Nuclear System. The internalisation study protocol 
used here is adapted from a method used by Hillman f G.M. and 
Schlessinger , J. (Amer. Chem. Soc, 19B2, 21, 1667-1672). 
Briefly , the ciell monolayer is incubated with the EGF-DNA 
mixture, after which the receptors are extracted from the 
membrane and the cells solubilized for counting the internali- 
zed DNA. 

Monolayer cell cultures in Petri dishes of 3 cm diameter, 
were incubated for 3 and a half hours at 37°C with the EGF-DNA 
complex, labelled with p 32 , in solution A (4 parts DMEM f 1 
part of 50mM Tris, lOOmM NaCl and 0,1% BSA adjusted at pH 
7.4). The cells were then washed four times with ice-cold PBS 
+ (ImM CaCl 2 and 1 mM MgCl 2 ). A 50% trichloroacetic acid 
solution was added in a proportion of 1/5 to the poolded 
solution A and PBS + and counted on a scintillation counter. 
The cell membranes were destabilized by treatment on ice with 
200 mM acetic acid and 150 mM NaCl (solution B) for 6 minutes. 
The solution B was then removed and the cells washed twice 
with solution B. These pooled solutions were counted for p 32 . 
This treatment releases the EGF receptors bound to the cell 
surface. The cells were then completely dissolved in 0,2N 
NaOH. The radioactivity found then represented the internali- 
zed EGF-DNA complex. 

To control whether the radiolabelled DNA entered the cell 
using the internalizing EGF receptor system, competition expe- 
riments were set up. The medium was saturated with EGF molecu- 
les r thus competitively preventing a large proportion of the 
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EGF-DNA complex from interacting with the EGF receptor. 2 \iq 
of free EGF was added to the medium containing the radiolabe- 
led EGF-t)NA complex, and the internalized radioactivity was 
counted after 3 and a half hours of incubation at 37 °C. 

In these experiments, as much as 45% of the radiolabeled 
EGF-DNA complex added to the medium was found in the intracel- 
lular compartment after 3 and a half hours of incubation. 
Under the same conditions, when the medium was saturated with 
free unlabelled EGF, the internalized EGF-DNA complex was 
reduced to 1/3, displaying only 16% of internalized product. 

These results taken together provide evidence that DNA 
can be carried into the cell using the EGF receptor system. 

EXAMPLE 4 

Gene construct conjugated fc» fhf enters t-.>^ ce ll a „rt «-~»_ 
siently expressed 

A human heat inducible promotor, fused to a chicken 
lysozyme gene has been used as a model in a transient expres- 
sion system. Such a construct, termed P 171ys, has been demons- 
trated to function in monkey COS cells and in xenopus oocytes 
(Dreano M. et.al., 1986, Gene in press). P l71ys was condensed 
with EGF (as described in example 1) and the EGF - P 171 ys 
complex was mixed in complete growth medium and added to A-431 
monolayer cell cultures as follows. 

The cells were first washed twice with DMEM without serum 
left to incubate for 4 hours in medium without serum. The EGF 
- Pl71ys complex was then added to 1 ml of medium without 
serum. After 3 hours incubation at 37»C, 9 ml of DMEM, 10% FCS 
was added. After an overnight incubation, the cells were heat 
shocked at 42»C for 4 hours and lysed for extraction of the 

RNA extraction was performed by treating PBS washed cells 
with a solution containing lOmM Tris P H 7.5, ImM MgCl,, iomM 
NaCl, 1% SDS and 1 mg/ml fresh proteinase K. The cells were 
left m this solution on ice for 1 hour after which NaCl was 
added to make 0,3 M. The cell debris were scraped off and 
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centrifuged 10 minutes at 11000 r.p.m. In an airfuge at 4°C. 
The supernatant was then removed and precipitated in ethanol 
for 5 minutes in a dry ice-ethanol bath* After a 15 minute 
centrif ugation, the supernatant was discarded and the pellet 
redissolved in 20 \il of 10 mM PIPES , pH 6.9, 0,4M NaCI, ImM 
EDTA, 50% formamide. The hybridization with a 400 bp. fragment 
of the lysozyme gene construct was performed according to H.G. 
Stummenberg and M.L. Brinstiel (P.N.A.S., USA, 1982, Vol. 79, 
pp 6201-6204). Aliquots of about 30 \ig of total RNA were used 
for each assay. The SI protection assay was carried out accor- 
ding to Weaver, R.F. and Weissmann, C. , (1979, Nucl. Acids 
Res., 6, 1175-ll'93 except that DNA fragments were not heated 
in pure formamide but resuspended and denatured directly in 
hybridization buffer (Dierks et al., 1981, Cell, 32, 695-706). 
Nuclease SI was from PL/Pharmacia. After digestion, excess RNA 
was eliminated in 0,1N NaOH at 100°C for 3 min. The protected 
fragments were analysed on 7M urea, 8% acrylamide gels (0,4 
mm). End-labelled Haelll fragments of pBR322 were used as 
molecular weight markers. 

As one can see on figure 3, the lysozyme gene has been 
internalized and expresses RNA. Therefore, it is shown here 
that an internalized gene stays functional. Of course, if the 
gene was cloned in an inverse orientation, the transcribed RNA 
would be anti-sense and could repress the translation of 
"sense" RNA encoded by a "sense" gene. Naturally, in this 
example, HT and the nucleic acid can be different. As an 
illustration of the possibility of inhibiting gene expression 
using anti-sense genes, we have, in another set of experi- 
ments, co-injected in Xenopus oocytes "sense" and "anti-sense" 
(gene reversed in Sal I site) CAT genes under control of the 
heat-shock promotor (see figure in example 7, p. 46). The 
latter having efficiently inhibited the CAT synthesis, we 
concluded that targeting "anti-sense" constructs was an evi- 
dent application of "sense" gene targeting. 
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EXAMPLE 



A gene construct 1tn inM fo EGF .n^ c .k- cb11 anri K 
about 3 fc a hi e tran^fn^f^ ; firings 

A weil documented system is the transformation of NIH/3T3 

ZZlf "f 0bl " tS * y ^ ~ using calcium chlorile 
transfeetion technique (Graham, F.L. and Van der Eh, A.J , 

tllliJTZ' ~/ 456-467 Wi * ler - M - et al - 1979 ' ™* ^ 

cells tZi\2\ ^■ f °~ d *bcl of ref ringed 

»L micT C ° ntaCt ±nhibiti - — can grow in athy- 



as dlcribel i " ^ ° nC ° gene ■*> " 

^3 cells ln c 6 >r P tested this complex on 

washed - C ° nflUent monolayers of NIH/3T3 cells were 

™ ^ : C ! Wlth DME ^ serum, and were incuhated in 

cms medium for 4 hourc: a< r 4 . , „ in 

* nours. After this. the EGF- m = i 

added to the medium and allowed to l„c^ 3 k 

370C. Complete DMEM medium W ith 10% FCsT i *' 
Petw h,-=k - FCS was fchen added to the 

Petri dish, xn a proportion of 10/1 ( v /v) anrt 

at 37°C. The next ^ , ' left ov amight 

1/80 dilutes ITi T ^ SPllt ±n 1/2 °' ^«-«t 

foci were s^d. ' " ^ the 

the ^ ^ Peri0enfcal Procedure indicates that, using EGF 

t: * snr c c o o^ e e internaiized int ° ~ 

Protein, thereby t^o^^S 3 '£ at ! 

results obtained show that the E^F- " -f ^ 

a greater, efficiency th J t r * transf or«s with 

Phosphate techh^r Abo^S t T S - 6 ^ ^ ^ 
the 1/40 cell dilution^ " ^ obtained in 

cell dilution using the EGF-ras complex (Figure 4, 



EGF_ras 438 foci 

CaC V ras 82 foci 

Control p <r« • 

a foci 



Foci were gathered, expanded to. cultures of 5 ia6 
and iniected infn '- res ° £ 5-10° cells 

iected into athymic nude mice. The EGF-ras colonies as 
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well as the CaCl 2 transfected ras gene form tumors within 3 
weeks , whereas control NIH/3T3 cells untreated or just treated 
with an excess of EGF for 24 hours do not form any tumors in 
nude mice. 

Evidently the invention is not limited to the above 
embodiments but it can be used in many other applications 
involving internalization of DNA in-vitro and in-vivo. 

Among such applications , the following may be cited: 
1. Industrial production of proteins of interest by the 
inducible or continuous expression of genes efficiently inter- 
nalized via cytospecific gene vectors according to the present 
invention. Therefore, large quantities of a protein of intrest 
can be produced by cells grown in fermentors or by tumor cells 
carried by laboratory animals. This invention allows one to 
bypass the long and troublesome steps of establishing cell 
lines, producing a selected protein- It is also possible to 
internalize RNA complexes which can be directly translated to 
proteins. 

2. Cytospecific drugs consisting of an internalizable 
molecule, linked to a nucleic acid expressing a protein which 
can have various types of activities, for example therapeutic, 
prophilactic, antiviral, cytotoxic, etc... may have an effect 
on the regulatory mechanism of the cell. The gene can also 
complement a genetic defect or serve as a market. Such drugs 
can be used in-vivo for human or animal treatment or in-vitro . 

3. The present method of introducing DNA or RNA in the 
cell gives a whole new dimension to gene therapy because of 
the possibility of working without using any toxic agents and 
because it allows efficient targeting of nucleic acids to 
specific cell populations. Using this internalization techni- 
que, modulation of gene expression (e.g. repression) using 
anti-sense PNA or DNA becomes a very powerful and versatile 
method. 
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EX A M PL E 6 

A growth factor linked to an anti-sense oligonucleotide inhi- 
bits its receptor synthesis. 

This is an example where a synthetic oligonucleotide, 
with a sequence complementary to the epidermal growth factor 
(EGF) receptor RNA, has been attached to EGF and, after incu- 
bation with receptor positive A431 cells, has been able to 
decrease the EGF receptor synthesis. The direct effect of this 
was that, due to the lower amount of receptors, the attachment 
of fresh EGF was inhibited. This new compound has a similar 
final effect as receptor antagonists since binding of the 
ligand to the cell is impaired. 

We have used in this example a different chemical cou- 
pling protocol to attach the synthetic oligonucleotide to the 
EGF protein. After the oligonucleotide synthesis, a cyclic 
phosphinamidite (Applied Biosystem, User Bulletin/ issue No 

m 

38, 1986) was added as described on page 8 of this document. 
Glutaraldehyde was then used to link the oligonucleotide to 
the /amino group of EGF- 

The synthesized oligonucleotide was a 21 nucleotide se- 
quence, complementary to the 5/ sequence of the EGF receptor 
RNA covering the AVG codon and had the following sequence: 

5' GT CGC TAC GCT GGG AGG CCCT 3' 

This sequence has been chosen so that, once introduced in 
the cell, it "sticks" specifically to this RNA, blocking the 
rihosome and stopping the RNA translation which inhibits the 
EGF receptor synthesis. 

The PAGE purified conjugate was then added to trypsinized 
A431 cells. After different incubation times, the pellets were 
washed twice and left resting to eliminate the receptor-bound 
EGF. After an additional wash, 6-10 5 cpm 125 I-EGF (Amersham) 
was added and left for incubation with the cells. After two 
rounds of PBS washes, the cell-bound radioactivity was measu- 
red on a gamma counter . 
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The cells having large quantities of receptors bind large 
quantities of 125 -I-EGF whereas , in contrast w cells having low 
quantities of receptors bind low quantities of 125 I-EGF. The 
results of this experiment show that when the cells have been 
submitted to the conjugate , the binding of EGF has been redu- 
ced up to 6*6 times as compared to control cells where no 

conjugate was added* 

The receptor concentration was reduced after the cells 
have been in contact with the EGF conjugate. Therefore, in 
this example, most surprisingly, after cell internalization, 
the oligonucleotides have been able to escape from the lysoso- 
mal inclusions and have been able to hybridize to the cyto- 
plasmic or nuclear RNA, blocking the receptor synthesis. 

This is an example in which targeted anti-sense oligonu- 
cleotides can inhibit the synthesis of a specific protein. It 
is also another example of chemical attachment between the HT 
(homing/ targeting) factor and a nucleic acid which does not 
degrade their biological activity. 

Of course, EGF can be another HT factor and the oligonu- 
cleotide can have a different size and composition. Naturally, 
repeating this example with a linker carrying several oligonu- 
cleotides for one HT factor improves the efficiency of the 
conjugate. 

EXAMPLE 7 

In-vivo targeting;, internalization and expression of a con- 
jugate ( HT) -B- (NT) 

A plasmid was designed and synthesized with thee follo- 
wing linear structure: 
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EcoRI 



Bgll 



Bgll 



HSp70p 
human HSp70 
promotor 



pvull 



EcoRI 




CAT 

chloramphenicol 
acetyl* trans - 



SV40t 
SV40 
termi- 
nation 
signal 



neo 
neomy- 
cin 

resis- 
tance 
gene 



SV40p 
SV40 
pro- 
mo-, 
tor 



R322 am 
PBR322 se- 



including 
ampicillin 



The linearized plasmid fraction certaining HSp70p-CAT- 
SV40t was chemically attached to EGF using the imidazole 
activation protocol described on page 7 and 37 of this docu- 
ment. This conjugate was then injected directly beside A431 
tumor xenographs growing in nude mice. After 24 hours, to 
examine precisely the gene expression, the tumor was removed 
from the animal and submitted to a heat-shock (43»C, 3 hours) 
The next day the acetylated chloramphenicol was measured ac- 
cording to standard procedures (Gorman et al.). We could 
observe a faint acetylated chloramphenicol signal. Although 
the amount of acetylated chloramphenicol was low, it indicates 
that some genes had penetrated in the A431 cells and could 
code for a functional protein. 

This example shows that in-vivo targeting and internali- 
zation is possible and that, using our technology, injecting 
(HT)-B-(NT) conjugates in-vivo is a good approach for design- 
xng new therapeutic and prevention drugs. 
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CLAIMS 

1. Method for modifying the metabolism of receptor host- 
cells by introducing therein one or more selected pieces of 
foreign nucleic acids such as oligo-or polynucleotides, DNA or 
RNA capable of performing a biochemical function in said host- 
cells and/or altering the operation of the cell machinery, 
which comprises the steps of : 

(1) making a conjugate adduct by chemically linking said 
piece(s) of nucleic acid to a ligand promoting or allo- 
wing internalization in said cells, said linking being 
effected by means of a linker or bond which does not 
impede or repress the biof unctioning of the internalized 
nucleic acids; 

(2) bringing said host-cells into contact with said adduct 
resulting from step (1), for a time sufficient to achieve 
effective penetration into the cells and internalization 
of 'said linked nucleic acids; 

(3) allowing or inducing said forjeign nucleic acids* to per- 
form said biochemical function in said host-cells, where- 
by said modification occurs. 

2* The method of claim 1, wherein the oligo- or polynu- 
cleotides are chosen from RNA, anti-sense RNA, single stranded 
DNA, duplex DNA, and derivatives thereof, the function of 
these polynucleotides being to inhibit or modify the cell 
operation or development. 

3. The method of claims 1 or 2 wherein the polynucleotide 
is a sequence containing at least one functional gene of 
interest which, in step (3), is expressed in said host-cells. 

4. The method of claim 3, wherein the gene codes for an 
identifiable product and is expressed under control of an 
untranslated sequence of said polynucleotide. 

5. The method of claim 3, wherein the gene codes for RNA 
which is anti-sense to viral RNA or cellular RNA and performs 
in the cell to block corresponding viral or cellular 
functions. 

6. The method of claim 3, wherein the gene codes for a 
biologically active product selected from cytotoxins, hor- 



48 

raones, enzymes, antioncogenes, antimitotic agents, ant i meta- 
bolic agent, lectins, antibodies, proteins of commercial va- 
lue, etc, under the driving action of. an inducible or non- 
inducible constitutive promotor. 

7. The meLhpd of claim 6, wherein the promotor is a heat- 
shock control sequence of eukaryotic .origin. 

8. The method of claim 1, wherein internalization of said 
nucleic acids results into transfection or transformation of 
said host-cells. 

9. The method of claim 1, wherein the'ligand has high 
affinity for some receptors of said host-cells and acts as a 
targeting vector toward said cells. 

10. The method of claim 9, wherein said cell receptor is 
selected among receptors to cell growth factors (e.g. EGF) , 

synthetic and natural derivatives thereof, antibodies and cell 
specific markers. 

11. The method of claim 1, wherein the ligand is selected 
from EGt"V -platelet-derived growth factors, ot-2-raacroglobulin, 
thrombine, viral-antigens,* interleukin, fibroblast growth 
factor , nerve growth factor, etc. 

12- The method of claim 1, wherein said linker is an 
oligo or polypeptide. 

13. The method of claim 12, wherein said polypeptide is a 
polyamino-acid comprising a number of sequences of foreign 
nucleic acids bound thereto covalently or by complexation, 
this number exceeding 10. 

14. The method at claim 1, wherein said polypeptide is 
polyglutamic or polyaspartic acid and the several foreign 
polynucleotide sequences are bound thereto via the side carbo- 
xylate functions thereof. 

15. The method of claim 1, wherein the linker is a phos- 
phate diester bond. 

16. The method of claim 1, wherein the linker comprises a 
P-N, N-C, S-S or 6 -C bond cleavable by endocellular enzymes 

will liberate the bound internalized 

polynucleotides . 

17. The method of claim 3, comprising the additional step 

of : 
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(4) isolating said products of expression of said gene of 
interest. 

18. The method of claim 2, wherein the polynucleotide 
comprises an inducible gene coding for a product of interest 
and the host-cell is eukaryotic with unrestricted multiplica- 
tions, the method comprising the following additional steps 
of : 

(4) inoculating the transformed cell lines into immunodefi- 
cient warm-blooded animals which develop tumors in res- 
ponse to inoculation and allowing said tumors to grow to 
10 6 -10 10 cells? 

(5) dissociating said tumors into individual cells , cultiva- 
ting said dissociated cells in culture media; 

(6) subjecting said culture to stress whereby said gene is 
expressed ; and 

(7) collecting and purifying said product of interest. 

19. The method of claims 6 and 9, in which the gene codes 
for a cytotoxin, comprising effecting step (2) by injecting 
said adduct into the blood stream or a living tissue contai- 
ning normal cells and tumoral cells bearing said receptor 
sites, whereby said adduct is selectively internalized in the 
tumoral cells, then 

(3) stressing locally said tissue to induce the production of 
a cytotoxin or a protein with antitumoral effect, whereby 
the tumoral cells are inhibited or destroyed while lea- 
ving the normal cells unharmed. 

20. The method of claim 2 involving operating with at 
least two independent identical or different polynucleotides, 
said nucleotides being coupled to one or to two different 
ligands. 

21. As a new composition of matter, a cell transfecting 
and/or transforming vector consisting of one or more nucleic 
acid sequences chemically coupled to a ligand capable of 
internalizing said sequence into host-cells and bound thereto 
in a manner sufficiently labile in the cell not to repress 
subsequent biochemical functioning in the cell after interna- 
lization. 

22. A method of treating a cell mis-functioning condition 
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in a particular region of the body of a patient which compri- 
ses: ■' 

(a) introducing a nucleic acid-protein conjugate into said 
region, said nucleic acid comprising a stress-inducible 
prompter and a gene operably linked to said promoter 
which codes for acr anti tumoral or cytotoxic agent, said 
protein haying a specific affinity for receptors of the 
diseased cells, whereby said conjugate preferentially 
targets such cells and is preferentially internalized by 
such cells; and 

(b) . locally stressing said region of the body in a manner 

sufficient to induce expression of said cytotoxic agent. 

23. The method of claim 22 in which the stress is heat 
and the promoter is a heat-shock promoter. 

24. The method of claim 22 in which the diseased cells 
are cancerous and posses receptors for EGF and the protein 
binds to those receptors. 

25. The method of claim 22 in which the gene is trans- 
cribed into a message RNA, said RNA being "anti-sense" with 
respect to a messenger RNA native to said diseased celi, said 
anti-sense RNA thereby inhibiting cell malfunction and thereby 
acting as a cytotoxic agent. 

26. The method of claim 22 in which the cytotoxic agent 
is a cytotoxic protein or nucleic acid. 

27. The method of claim 26 in which the cytotoxin protein 
is selected from the group' consisting of ricin, abrin, diph- 
theria toxin, and pseudomonas toxin. 

28. The vector of claim 21, in which the ligand has 
specific affinity toward a receptor , marker or antigen site of 
the cell, this receptor promoting internalization of said 
nucleic acids in high yield. 

29. The vector of claim 21 , in which the internalizing 
ligand is selected from the group consisting of the following 
compounds: viral antigens; growth hormone factors like epider- 
mal growth factors , nerve growth factors, platelet-derived 
growth factors, fibroblast growth factors, a- and p-transfor- 
ming factors, vaccinia sequences, urogastrone, inter leukin, 
melanocyte-stimulating and thyrotropin releasing hormones , 
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tansferrin, low density lipoprotein, immunoglobulin , part-B of 
toxins such as ricin, abrin and diphtheria toxin. 

30. The vector of claim 21, in which the nucleic acid 
sequences are selected from hormone and enzyme producing 
genes, genes coding for anti-sense RNA capable of blocking the 
overexpression of EGFR, and oncogenes like ras, mvc , Src, c- 
erb-b2 and neu genes, or that of viral genes like HIV, polio- 
virus, arbovirus, rhobdovirus, adenovirus, rhinovirus, herpes, 
influenza, papilloma virus. 

31. The vector of claim 21, in which the nucleic acid 
sequences are selected from short stretches of anti-sense RNA 
capable of blocking the expression of EGFR, oncogenes and 
viral genes at the transcriptional and/or translational level. 

32. The vector of claim 31, in which the nucleic acid 
sequences and the ligand are coupled by a bond or linker 
stable in the plasma but cleaved by endocellular enzymes. 

33. The vector of claim 32 in which the linker is an 
oligopeptide comprising amino acids selected from glycine, 
alanine, phenylalanine, methionirfe and related amino-acids. 

34. The vector of claim 32, in which the linker is a ' 
polyglutamic or polyaspartic polypeptide, the gamma-side 
chains of which carry nucleic acid sequences. 

35. The vector of claim 34 in which the polypeptide 
carries up to 500 or more identical or different nucleic acid 
sequences including nucleotides or modified nucleotides like 
AZT. 

36. The vector of claim 34 in which the coupling of the 

nucleic acid sequences and the linker is effected through an 

amino-link attached beforehand to said sequence in position 
5' . 

37. The vector of claim 32, in which the linker comprises 
an oligopeptide capable of mediating the transport of the 
nucleic acid sequences from the cytoplasm of the receptor 
cells to the nucleus. 

3B. A method for treating or preventing missfunction of 
selected cells by i n-vivo applications of conjugates described 
in claim 1 and claim 2. 
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